We have assessed individual variations in urinary acidic metabolite excretion and the effects of exireme alterations in dietary composition on these metabolites in selected normal persons who we considered representative of the general ambulant normal population. Extreme dietary alterations produced relatively small changes in the patterns or amounts of metabolite excretion, but large individual within-subject variations were observed. Our results indicate that variation in the ranges of excretion for the normal population mainly depend on individual metabolic variations rather than on dietary factors, and provide a basis for the assessment of the normal ranges determined from population surveys. Our results are discussed in relation to previous studies on the variability of urinary acidic metabolite excretion in man.
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Other communications (1, 2) associated with the present work have described the detailed identification of major and minor urinary acidic metabolites in normal subjects, and the quantitative ranges and patterns of excretion of the major and consistently-excreted metabolites in a randomly-selected ambulant normal population.
The latter study was concerned with defining the between-subject variations and thus the normal ranges of excretion of acidic metabolites in man. The possible effects of within-subject individual variations in excretion and the effects of dietary composition also need to be assessed in work of this kind in order to determine the validity of the qualitative pattern of excretion observed and of the ranges in the amounts excreted as obtained in such population surveys.
Here, we report results of studies on selected normal subjects who we considered to be representative of the general population studied elsewhere (2) , studies that were directed toward assessing these variables. The individual variations in acidic metabolite excretion were assessed on a day-to-day basis in eight individuals, and dietary effects were assessed in two subjects. Dietary alterations were made as extreme as practicable, by using a low-carbohydrate, high-fat diet, and a synthetic, 
Subjects, Materials, and Methods
We studied individual day-to-day variations in acidic metabolite excretion in eight healthy members of the laboratory staff (four men and four women, age 24 to 37 years). Effects of extreme dietary alterations were studied in a 31-year-old man (Subject 1) and a 34-year-old woman (Subject 2). Subject 1 was also included in the first group of eight subjects.
All of the subjects were in apparent good health and took no medications during the studies. Their amounts and patterns of urinary acidic metabolite excretion on casual (i.e., untimed) samples were always within the ranges observed for the ambulant randomly-selected normal population (2) and they were considered to be representative of the general population. Except where specified, diets were free and unrestricted.
Individual Day-to-Day Variations in Acidic Metabolite Excretion
The first morning specimen of urine (2) was collected from each subject on 10 days during a 12-day period. The specimens were stored at -40 #{176}C until analyzed, the longest period of storage being 14 days before analysis.
Effects of Large Changes in Diet Composition on the Urinary Excretion of Acidic Metabolites
Low-carbohydrate, high-fat diet: The effects of diet were studied in Subjects 1 and 2. Their usual carbohydrate intakes were calculated from full dietary histories, and a diet containing about a tenth of each subject's usual carbohydrate intake was devised, the fat (and protein) contents of the diets being correspondingly increased so that the prescribed diets were approximately isocaloric with each subject's habitual diet. Subjects 1 and 2 took their diets for five days and four days, respectively. Two-hourly urine collections were made during the 24-h period immediately before and for the last 24-h period that the diet was given, with the overnight (2300-0800 h) specimen being collected as a combined sample. The 2-h specimens and overnight specimens were analyzed separately, to assess the random fluctuations and acidic metabolite excretion through a 24-h period, and the relative amounts excreted per 24 h (see below) were also determined.
Only Subject 1 was studied. The diet consisted of 575 g of glucose copolymer ("Caloreen"; Scientific Hospital Supplies Ltd.), 50 g of a synthetic amino acid mixture ("Arninogran"; Allen and Hanburys Ltd.) supplemented with 2.2 g of L-phenylalanine, 8 g of Aminogran mineral mixture (Allen and Hanburys Ltd.), and 3 "Ketovite" (multivitamin) tablets (Paines and Byrne Ltd.) per day.
The diet was taken for five days. A 24-h urine was collected before the diet was begun and a similar collection during the last 24 h while receiving the diet. The Caloreen used was analyzed by using the same procedure as that used for the urine specimens; no organic acidic compounds were detected. The neutral compound and carbohydrate component were separately determined and shown to comprise only glucose and glucose copolymers.
Analytical Methods
Aliquots of urine equivalent to 3.0 mg of creatinine were analyzed by the methods described elsewhere (1, 3, 4) . Typical gas chromatograms and the identities of the components have been described by Lawson et al. (1) . Results were quantitated by reference to n-tetracosane internal standard in terms of micrograms relative peak area (RPA) per microgram of creatinine (2) for random and early-morning specimens and as millimoles RPA per 24 h for the purposes of the dietary studies. Where the response factor of the individual component relative to n-tetracosane is unity, "mmol RPA" is equivalent to actual millimoles (2) .
Statistical Methods
In view of the wide ranges of values observed, and of the log-normal distributions of individual results (2) , the variabifity within subjects has been expressed as an average coefficient of variation [100 X (standard deviation/mean)].
The coefficients were estimated by Glucuronic acid Glucaric acid C #{149} Determined for each stE,ect on the first specimens of ,Jlne passed on rising
In the morning, dwing 10 days, by eiit unrestricted normal s&jects (foir men, fo,t women, ages 24 to 37 years).
b Assumed to be cis-aconitlc acid, the naturally-occwrlng Isomer. C Plus some gluconic acId (2) .
converting the original readings into natural logarithms, estimating pooled within-subject standard deviations in the usual way, and multiplying by 100.
Results

Individual Day-to-Day Variations in Acidic Metabolite Excretion
The qualitative pattern of acidic metabolite excretion was consistent in all the specimens examined and was identical to that described elsewhere (1) . The individual variations were assessed by calculation, for each subject, of the coefficients of variation of the values for each major or consistently-excreted metabolite. Results for each subject were similar and the average coefficients of variation averaged over the eight subjects for each metabolite studied are given in Table 1 . Some individuals gave zero values for certain metabolites on a few occasions, and the coefficients of variation shown in Table 1 do not take account of this.
Effect of Large Changes in the Composition of the Diet on the Urinary Excretion of Acidic Metabolites
The results of these studies are presented in Table 2 . The changes observed in acidic metabolite excretion when the subjects were receiving unrestricted diets and when on the low-carbohydrate diet, were not large. Amounts of tartaric acid and citric acid decreased and the amounts of 4-deoxytetronic (2,3-dihydroxybutyric) acid increased.
Other changes were inconsistent or minor, except for an increase in 3-hydroxybutyric acid excretion in Subject 2, indicating a slight ketosis. The changes observed in the acidic metabolite excretion by Subject 1 when he was receiving the synthetic [chemi- #{149} OverlappIng peaks are quantitated In terms of the maIn component (>90% of the total peak area).
b RPA = peak area relative to n-tetracosane internal standard (. If the gas chromatoaph response factor of the compound relatIve to n-tetracosane Is unity, mmol RPA equals mmol. cally-defined, high-carbohydrate (glucose)] diet were more marked. The excretion of phosphate, aconitic acid, citric acid, hippuric acid, 2-oxoglutaric acid, tartaric acid, and uric acid all decreased by varying amounts and in some cases became undetectable (Table 2) . Lactic acid excretion increased slightly and the excretion of the aldonic and deoxyaldonic acids also tended to increase, being particularly marked for 2-deoxytetronic acid. The qualitative patterns of excretion of the acidic metabolites during the 24-h periods in which the timed urine collections were made were similar for both subjects, although the quantitative values varied considerably. Excretion of furan derivatives (1) increased during three collection periods in Subject 1.
Discussion
The quantitative values and the qualitative patterns of excretion of the urinary acidic metabolites by all subjects studied here while receiving unrestricted diets were within the ranges for and similar to the patterns observed in specimens from a normal population selected without conscious bias (2) . Evidently, the subjects studied may be considered to be representative of the general normal population.
The coefficients of variation observed for the excretion of the major and consistently-excreted metabolites were large for all of the subjects studied and illustrate the wide ranges of values that can occur simply as a result of within-subject variation. This supports results of studies on certain urinary acidic metabolites reported by Young (5) and by Witten et al. (6) , and indicates the extent to which the excretion of the metabolites studied here must alter for them to be considered as abnormal or characteristic of an inherited metabolic disease. This has been confirmed in studies on disorders where the excretion of one or more of these normally-excreted metabolites is affected, as in glucaric aciduria (7) .
There are several determinants leading to the wide variation in excreted amounts. The major factors are probably the effect of changes in the composition of the diet and the individual metabolic variations (including renal effects and metabolic effects of endogenous intestinal bacteria). Some attempt has been made in the present work to assess the effects of dietary alterations on the excretion of the urinary acidic metabolites. It is not possible in surveys of ambulant or large institutionalized populations to place the subjects concerned on a restricted or repetitive diet, particularly when most major dietary alterations require some four to five days to achieve their full effects. This restriction applies equally to acutely-ill patients in hospital, where any variation in the management of the patient must be directly related to their clinical condition. The possible effects of maximal alterations in the composition of the subject's usual dietary intake need therefore to be assessed, and hence the experimental dietary alterations have been made as extreme as possible.
The changes in the patterns of excretion and the amounts excreted that have been observed were relatively small, even when the effects of the low-carbohydrate, high-fat diet are compared directly with those of the synthetic, chemically-defined, high-carbohydrate diet ( Table 2 ). The effects of specific dietary constituents on the urinary excretion of individual organic acids have been reviewed elsewhere (8) , and, although the methodology used was different, the findings reported therein are still very relevant to studies such as those reported here. The possibility of changes in the pattern or amounts of acidic metabolites and the occurrence of essentially abnormal metabolites of exogenous origin derived from dietary precursors of a specified or definable nature, such as those observed in the present work (1) and elsewhere (5, 9) , cannot be excluded.
Previous studies in which chemically-defined diets were used were reported by Young and his co-workers (5, 10) , who examined the effects of such diets on a wide range of urinary metabolites.
The present work has shown that a chemically-defined diet has little effect on the qualitative pattern of organic acid excretion, although the amounts of certain acids (e.g., hippuric acid) are markedly diminished. The removal from the urinary excretory pattern of the metabolites of known dietary origin, such as tartaric and hippuric acids, underlines the probable endogenous origins of the remaining acids, including the aldonic and deoxyaldonic (polyhydroxy) acids (1) .
Our results suggest that the degree of dietary variation that may occur within a community studied under domiciliary conditions (2) or within an institutional or hospital environment when the person is not receiving a special diet is very unlikely to account for large differences in the quantitative (or qualitative) pattern of organic acid excretion observed, with the reservations expressed above. The results indicate that the major factor affecting urinary acidic metabolite excretion in man is individual metabolic variation, and that the ranges that would be observed in a large anibulnt unrestricted population (2) would provide valid data with which to compare results of studies on other population groups such as the mentally subnormal (11) and those with inborn errors of metabolism (7, 12, 13) .
